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PATTERNS OF ENAMEL PROTEIN ELEMENTS IN THE MOUSE INCISOR
INTRODUCTION
Protein elements have been known to exist in enamal, but their struc-
ture and role in the final formation of enamel have not always been
agreed upon.""8.9.fl 23,4,a,le,17,1824,25,26 In 1933 a "ladder-like" process was
described by Kitchen in relation to newly formed enamel in the mandi-
bular incisor of the white rat.1' Previously, Bibby reported an increase in
the organic elements of hypoplastic enamel which he believed resulted
from consolidation of the rod sheath spaces.' Rosebury had also described
the protein structure of enamel.'7 He felt it represented remnants of the
living structure of the enamel organ which, as he stated at that time, added
nothing to the development of enamel except perhaps its toughness and
elasticity. It was noted by Sognnaes in studies on the organic elements
of the teeth that an organic framework existed between the external and
internal enamel matrices which was similar in both diecalcified and ground
sections.'25 "' With a delicate sudanophilic reaction and a toluidin blue
stain, Sognnaes demonstrated the formation of these prism sheaths and
their interprismatic structure.2 Much more recently Gustafson described
the interior of prism sheaths of enamel rods and showed an organic frame-
work divided or arranged in regular spaces within the sheaths.8 It is
Helmcke's contention that prism sheath boundaries as such do not actually
exist, but are merely the result of directional differences of similar and
smaller organic patterns arranged between each developing prism.'
Helmcke's electron microscopic investigations amplified the previous ideas
of Lams, who stated that there were no definite limiting membranes be-
tween enamel prisms, but there were short protoplasmic bridges passing
from one prism to another." The limiting membranes of the ameloblasts,
Lams stated, were very delicate and scarcely stainable, being much more
like condensations of peripheral material.
From the above it has been established that prior to mineralization and
calcification a protein pattern is formed and arranged more or less in an
orderly fashion inside and between each prism, and that afterwards the
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inorganic parts of enamel are laid down in the form of crystallites within
these organic meshes or spaces."" In addition, the formation of the
organic meshwork is dependent upon the metabolic activity of the amelo-
blasts.'l
Studies have usually been concerned with the inorganic aspects of enamel
formation, and when the organic matrix was considered, attempts were
not made to compare its histological structure under different experimental
conditions. It is the purpose of this communication to compare the effects
of NaF, CaF2, and Na2 SiF¢ in concentrations of 1:100,000 by weight or
10 ppm on the organic matrix of enamel in the mouse mandibular in-
cisor. While it is accepted that fluorides are involved in certain of the
metabolic processes of formation of the hard structures of the teeth,"7'
their actual role remains enigmatic. No previous histological investigations
have dealt with the comparative effects of these three different fluoride
compounds on the organic matrix of enamel. Mandibular incisors are
ideally suited for such an investigation of enamel matrix formation, for,
as continuously growing teeth, all stages of amelogenesis are at once
observable.
METHODS
Young adult dba Rockland mice of similar weights and ages, and equally divided as
well as separately maintained according to sex, were used for these experiments. Only
the mandibular incisors were studied for this report.
These experiments were conducted under the following conditions:
1. Mice that received only tap water.
2. Mice that received distilled water ad libitum for 42 days.
3. Mice that received NaF, CaF2 and Na2SiFe in 1:100,000 concentrations by
weight in distilled water ad libitum for 42 days.
Animals were maintained in groups of five males and five females under each of the
above categories for the duration of these experiments. Fluid intake was measured
daily from graduated drinking bottles and amounts recorded. Animals' weights were
recorded three times weekly. Feeding was ad libitum with Purina Laboratory Chow.
For the periods of these experiments, the average fluid intake of each mouse was
about 3 cc. per day. There did not appear to be any significant variation between the
different categories with regard to amounts consumed. The greatest increase in weights
took place where the animals received CaF2.
Sacrifice of animals was by chloroform inhalation. Mandibles were immediately
removed, separated, freed of adhering flesh, and placed in Zenker's solution. After 12
hours they were removed and washed in tap water for 24 hours. They were then
placed in 80 per cent alcohol for 24 hours before decalcifying. Sectioning was usually
about 7 microns and staining was with hematoxylin and eosin.
Each mandible half was sectioned vertically through the midline so that the entire
length of the ameloblasts and the enamel matrix that remained after d-ecalcification was
presented for histological study. Additional jaw halves were cut in serial cross section
so that matrix formation could likewise be examined from this aspect. Direct and
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refracted light, usually under oil immersion, were used to study the organic matrix of
the mandibular incisors under the several conditions of these experiments.
An entire series of these experiments was repeated 20 times; in addition another
entire group of experiments were similarly conducted in which concentrations of the
fluoride salts were at 20 ppm. In still other experiments, comparisons were made
between fluoride salts dissolved in tap and distilled water: in these, no significant
histological differences could be observed.
FINDINGS
The organic matrix that remains following decalcification in the mouse
mandibular incisor is comprised of three distinct zones. They are, for
reference and for the reader's orientation, designated by this investigator
as Zones A, B, and C. They will be described below and hereafter will be
referred to by these headings. These zones consistently appear at particu-
lar places and in a constant relationship to each other in the mandibular
incisors of these mice, when longitudinal sections are cut along the midline
for the entire length of the enamel protein matrix. These zones are de-
scribed as follows and are shown in Figure 1:
Zone A, the secretory zone, located at the base of the incisor and ex-
tending incisally to Zone B. Ameloblasts are actively forming the protein
matrix and lie at an angle of about 145° to it.
Zone B, which is between Zone A and Zone C, and is represented by
the gap between the ameloblasts and underlying enamel matrix. This is
where the ameloblasts and the outer border of the matrix have become
altered. This zone is called by this investigator, "The Zone of Com-
pression."
Zone C, which is adjacent to Zone B and extends toward the incisal tip.
This is the zone of reattachment where the ameloblasts rejoin the under-
lying matrix and regain their length.
In Zone A the ameloblasts, as matrix-secreting cells, lie in a direct asso-
ciation with the patterns of organic fibrillar material that they are deliver-
ing in successive increments. Figures 2-6 are representative sections of
this secretory zone as observed under the five different categories of these
experiments. The ameloblasts are to the left of the center in these figures,
the organic matrix occupies the center or main portion, and to the right
the dentin border is approached. Near the dentin the structure becomes
more homogeneous and patterns in this area may be obscured by the deep
hematoxylin stain. However, towards the left, a fibrillar structure of
"herringbone" appearance is continuous with and involves the Tomes'
processes of the ameloblasts. The entire region, from the basal aspects
of the ameloblasts to the dentin, varies in width and length as well as in
staining under the several conditions of these experiments.
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In tap water control animals as represented in Figure 2, compartments
of the matrix were not always secreted in close apposition to each other.
Where distilled water had been given, as shown in Figure 3, matrix forma-
tion was heaviest, stained darkest with hematoxylin, and was narrowest in
width when compared with similar sections from the other categories.
There was a similarity in the regularity of the enamel protein matrix where
NaF and Na2SiF6 were used that was not observed in other experiments.
However, with Na2SiF6 the ameloblasts appeared to be less numerous in
the secretory zone and perhaps because of this the patterns did not lie
close to each other. Where CaF2 was administered, matrix formations
were wider, shorter, and took more of an eosinophilic than a hematoxylin
stain. When CaF2 was used, Zone A was markedly increased in width.
In addition, as shown in Figure 5, there were more prominent concentra-
tions of secretory material lying between the Tomes' processes and the
site of formation of the enamel protein matrix. With Na2SiF6-treated
animals there were frequently found irregular globular concentrations or
formations deep within the organic matrix near the dentin margin as seen
in Figure 6.
Zone B is indicated by an abrupt gap or space between the ameloblasts
and the underlying enamel matrix. This is not an artifact for it is con-
sistently observed in the mandibular incisors of mice. The fibrillar pattern
or compartmental network which assumed a regular direction in its en-
tirety in Zone A is now changed. The outermost margins have altered
their direction, while the center or main body retains its original plane or
direction. This main part always slants at an angle of approximately 450
towards the base or growth center of the incisor; thus the location of the
base or tip of these teeth can be determined from the direction of these
compartments. Ameloblasts in Zone B are also altered in position and
appearance because of three conditions peculiar to this region. These are:
1. accumulation of numerous vacuolar or intercellular spaces that push or
wedge between the ameloblasts' polar aspects; 2. separation of ameloblasts
from the underlying matrix; and 3. compression, presumably from accumu-
lation of fluid materials in this area, so that the ameloblasts become short-
ened in appearance. Presumably, also from compression, the matrix was
depressed in this zone and this indented region varied in depth according
to the experimental treatment. Upon the matrix surface in Zone B, there
was consistently found an irregular cluster of acellular, light eosinophilic
material which varied considerably in amount. Under certain conditions,
as with distilled water, Zone B was located nearer to the incisal tip when
matrix formation was relatively narrow. When the matrix formation was
wider than usual, as with CaF2, Zone B was located nearer to the basal
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part of the incisor. Where distilled water had been given, as shown in
Figure 8, Zone B was smallest. Compression of the matrix and of the
basal aspect of the ameloblasts was least in such cases. Zone B was largest
in comparison with the others where NaF had been given, as demon-
strated in Figure 9. Both with NaF (Fig. 9) and with CaF2 (Fig. 10)
compression of the fibrillar matrix was well marked, and in such instances
there appeared to be greater accumulations of the light staining acellular
material on the surface. With Na2SiF6, however, there was not the well-
marked indentation of the matrix that was observed with the other
fluorides. Aggregations of vacuolar areas that wedged between and dis-
torted the nuclear ends of the ameloblasts were larger and more numerous
in all fluoride-treated incisors than in control incisors. This is shown in
Figures 9 through 11.
It has been indicated previously that Zone C is the most anterior of
the three zones, and it is in this region that the ameloblasts and under-
lying matrix reassume their relationship, but in a different manner than
was observed in Zone A. In Zone C the matrix begins to stain pro-
gressively lighter, ultimately terminating in a very light staining fibrillar
pattern. This ends where the entire enamel structure, under the present
experimental conditions, is lost by decalcification. It is in this lighter
staining area of Zone C that cross sections of the incisors were taken, as
shown in Figures 17-22. Close to its junction with Zone B, Figures 12-16
show Zone C, where ameloblasts have initially become reattached to the
subjacent matrix. These figures are in longitudinal midsection of the
incisors, the same as the preceding eleven figures. The Figures 12-22
differ, however, in that these were all taken with the phase microscope.
The organic framework or fibrillar pattern of Zone C, as it lies between
the dentine and ameloblasts, is divided into three areas. These are: a
narrow deep or internal part, a wide center or main part, and an outer-
most region that is usually about one-fifth to one-fourth of the entire matrix
in width. In the cross section (Figs. 17-21), these regions are completely
seen.
A difference in the directional plane in the outermost part of the matrix
was apparent in Zone C (Figs. 12-16) near the junction with Zone B,
and according to the experimental conditions this varied in extent or
depth. The center or main part of the organic fibrillar matrix in Zone C
had the same directional plane and compartmental formation that was
formed in Zone A. The difference in Zone C was, however, that while
the main or center part of "ladder-like" formations remained unchanged, the
outer and inner regions were altered in appearance. The outer part was
changed in direction and the inner part appeared to be slightly compressed
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against the underlying dentin. As in Zone A, it was likewise apparent in
Zone C that irregular patterns appeared between the orderly compartments
whenever they were not in close apposition. This was evident with the tap
water controls, as shown in Figure 12. Furthermore, as previously ob-
served in Zone A, matrix patterns in Zone C were more regular, as com-
pared with the other categories, in size and shape, where NaF (Figs. 4
and 14) or Na2SiF6 (Figs. 6 and 16) had been given. In addition with
Na2SiF6, there were more interruptions as compared with NaF, between
the precise compartment formations. This was previously noted in Zone A.
Where distilled water had been given, as shown in Figure 13, matrix com-
partments were heavier and stained much darker than in the other in-
stances. There was also an alteration in the staining reaction with CaF2
(Fig. 15), for in such instances the stain was much lighter.
Figures 17-22 are cross sections of the incisors, taken at right angles
to the previous longitudinal sections. They reaffirm the preceding ob-
servations with regard to the enamel protein matrix in these experiments,
namely: that patterns were not consistent with tap water (Fig. 17); that
fibrillar patterns were heavier, stained deeper, and were less compressed
with distilled water (Figs. 18 and 22); that compression was greater with
NaF and CaF2 (Figs. 19 and 20); that staining was lighter with CaF2
(Fig. 20); and that the patterns observed with NaF and Na2SiF6 pre-
sented certain common features (Figs. 19 and 21).
DISCUSSION
This presentation demonstrates that basic alterations can be induced
in the fibrillar protein matrix of enamel as formed in the mandibular in-
cisors of mice. The initial steps in enamel prism formation result from
the secretory activity of ameloblasts.0, n 12 15, ' Like other gland cells, they
maintain a definite relation to their excretory products.' In the present
experiments, this relationship is illustrated in the Zones that have been
designated as A, B, and C. Following matrix formation, minerals are laid
down within the spaces or compartments in the form of crystallites, usually
with their long axes in the direction of the prisms.8'
This sequence of events is not held by Scott, who feels that the matrix,
when first laid down, does not have a pattern, but is amorphous or homo-
geneous.'8 The present studies, however, do not support this view, for a
definite pattern in Zone A can be observed as the matrix is being delivered
in successive increments. The compartments of the organic matrix may
differ in size, shape, and arrangement and thus affect subsequent arrange-
ment of crystallites, which in turn would affect the final structure of calci-
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fied enamel. In addition, the structure of enamel would also depend upon
the number of active ameloblasts and the duration of their secretory ac-
tivity. Therefore, where large numbers of ameloblasts were maintained
and their secretory activities prolonged, as with tooth germ transplants in
female guinea pig castrates, the extent and amounts of matrix formations
were increased, and tooth development was enhanced.'
The more orderly and regular matrix pattern following NaF administra-
tion, as seen in the present study, may help to explain one possible factor
regarding the effects of low concentrations on the teeth. At the same time,
while considering this concept, it is also important to note that there was
a difference in patterns and also in staining with the other substances
used in this study. However, the fibrillar pattern seen in instances where
Na2SiF6 had been used, more nearly approached that pattern observed
with NaF.
Heavier matrix formation observed when distilled water was admin-
istered should have prevented crystallites from being deposited within the
matrix spaces to the same extent and regularity as they were deposited
when these spaces were larger and more uniform. Each compartment or
space, as pointed out by Gustafson,8 represents a center of mineralization
and calcification. The total areas or volumes of the compartments formed
where distilled water was given were much less, due to the greater thick7
ness of the matrix; thus enamel formation would not or could not have
the same crystallite orientation attained under the other experimental con-
ditions. This is also in accord with Bibby's observations with hypoplastic
teeth, in which he found that the amount of organic matrix was increased.2
Another factor in Zone A which had an effect on pattern formation was
that where there were fewer ameloblasts with tap water and with Na2SiF6.
As a result, there were more interruptions between the regular compart-
ments of secretory material. Such interruptions or spaces, as observed in
the present study, contained less orderly arrangements of fibrillar material.
This naturally raises a question concerning the views of Helmcke and
Lams,"90 for they felt that the smaller and regular compartments which
filled these interprismatic spaces were in a different plane from the main
part of the prism formations. The formations between the prisms, as seen
in this study, could have been in a different plane, but their regularity
certainly was not remarkable. It is also possible that as Zone B was
reached, compression in this area caused a considerable reduction of the
interprismatic spaces.
The basic alteration in the organic matrix, where CaF2 was administered,
may have resulted from an increased absorption of calcium from the gut.
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In dealing with these fluoride compounds at the concentrations used, any
difference in effects may have been on a basis of inorganic ion exchange.
Differences in the physiological effects of these compounds may have been
related to an upset in the intra- and extracellular ratio of cations and
anions, to competition between cations or anions (Ca++ or F-) with
Mg++, or to inhibition or activation of high energy phosphate conversion
by competition or antagonism of cations for places on the enzyme protein."'
Such factors may have accounted for the increased concentrations of secre-
tory material that accumulated between the ameloblasts in Zone A where
CaF2 and NaF had been administered. Later, when calcification of the
matrix is supposed to take place, these factors could also have resulted
in an upset of this process, for any effort by the tissues to bind Ca++ with
POi-- or as calcium-apatite in attempting to restore the Ca++ relation-
ship to Mg++ may be impossible as long as F- is present. Therefore, cal-
cification of the protein matrix would not take place or would be greatly
retarded.
Marshland has referred to the area designated at Zone B as an artefact,
but he does state that where it begins the secretory zone ends.' He con-
tinues, "The artefact now disappears and the ameloblasts, now reduced
in size, become reattached to the matrix surface." This zone of reattach-
ment has been designated as Zone C in this report.
Several factors about Zone B should be discussed with regard to the
fibrillar pattern of the organic matrix. It is at the beginning of this region
that the outer border of the matrix is slanted towards the incisal tip. It
also appears as though an increased pressure, presumably fluid, is built up
here. During this increase in pressure, the basal aspects of the ameloblasts
become compressed, as well as the matrix opposite them. Thus, a more
applicable term than Zone B would be the "Zone of Compression."
Sognnaes, in quoting Gustafson with regard to the organic elements of
enamel, states that there may be bends or changes in prism direction dur-
ing growth and these directional changes are caused by traction.0
A number of years ago, Boedecker observed that there were two kinds
of enamel-one which had a regular mosaic pattern, and the other a
gnarled enamel.8 He felt that enamel became gnarled because of stress,
either at the occlusal surface or at the dentino-enamel junction. In his
investigations on the eruption rate of the rat incisor, Sturman found that
considerable pressure or traction was involved, which could be determined
by studying the fibers of the periodontal membrane.' In the present study,
the force of eruption plus pressure created at Zone B must have been re-
sponsible for directional changes taking place in the outer layers of the
matrix, and it would be of basic interest to study eruption rates in rats
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and mice with comparison to the position of Zone B. It seems likely that
the farther away from the base of the incisor Zone B is located, the
slower the eruption rate. Thus, distilled water animals should have the
slowest eruption rate. In addition the size of Zone B, in relation to erup-
tion rates, should also be considered.
Except for the alterations taking place in Zone B, the matrix pattern
in Zone C is consistent with that observed in Zone A. In this area, the
reattachment of the matrix to the ameloblasts did not seem as firm and
was often not maintained where animals had been given distilled water.
It is thus apparent that the firm reattachment taking place in the area we
have designated as Zone C, as consistently observed by Marshland,' is
subject to variations under different experimental conditions.
The question naturally arises as to the direction of prisms which con-
sistently appear to be oriented in particular planes at an angle of about
1450 with the ameloblasts. This was apparent in Zone A and remained
so in Zone C. Interruptions with this regular pattern appear to be readily
achieved, and once formed in an altered manner are not easily changed
during the succeeding phases of matrix maturation. Initially, the amelo-
blasts form a fibrillar matrix pattern in regular and successive increments,
which may be interfered with.
Another interesting fact brought out in Zone C is the consistency of
matrix formation. Sections cut at right angles to each other in the upper
limits of Zone C bear this out, for there is a uniformity of the matrix pat-
tern, whether it is cut longitudinally or in cross section. Marshland speaks
of a loss or change in the pattern of the matrix as maturation takes place,
and that further calcification of the matrix by removal of excess water
and organic matter causes this change.' If we accept the earlier views
of Lams' and the more recent findings of Gustafson,' Sognnaes,' and
Helmcke,' then Marshland's views' need further explanation. Further-
more, the findings in the present study with regard to matrix formation
emphasize that alterations in the pattern of the matrix would likewise alter
the direction of crystallites in the mature enamel.
SUMMARY
In the mandibular incisors of mice, the ameloblasts secrete a fibrillar
matrix of organic material that has a definite pattern which may vary
according to certain of the experimental conditions used in this study.
This region is known as the secretory zone and is designated as Zone A.
As this fibrillar matrix moves incisally, it undergoes certain structural
changes in Zone B, which is the "Zone of Compression." The outer por-
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From mandible of male mouse that received CaF2 via its drinking water. Original
magnification x25.
FIG. 2. Zone A, the matrix formative zone, in tap water control adult male mouse.
Ameloblasts to the left border and matrix formation in the right two-thirds of photo-
micrograph. Original magnification x1745, oil immersion.FIG. 3. Zone A, the matrix formative zone, in a mandibular incisor of male mouse
that received distilled water as drinking water for 42 days. Ameloblasts to left and
remaining two-thirds to the right is the matrix formation. Original magnification
x1745, oil immersion.
FIG. 4. Zone A in a female mouse that received NaF via its drinking water for 42
days. Ameloblasts to left and in remaining two-thirds to the right is matrix formation.
Original magnification x1745, oil immersion.
FIG. 5. A matrix formation in female mouse that received CaF2 via drinking water
for 42 days. Ameloblasts to left and remaining two-thirds shows matrix formation.
Original magnification x1745, oil immersion.
FIG. 6. Matrix formation in male mouse that received Na2SiFR via drinking water
for 42 days. Ameloblasts to left half and the remainder, matrix formation which
borders on dentin along extreme right border. Original magnification x1745, oil
immersion.M.ws:2lo:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- -- -------
FIG. 7. Zone B, a tap water control from a single mouse. Center left enamel matrix
formation, center right ameloblasts. Original magnification x240.
FIG. 8. Zone B in a male mouse that received distilled water for 42 days. Center
shows matrix of enamel and center-right shows ameloblasts. Original magnification
x240.
FIG. 9. Zone B in a male mouse that received NaF via drinking water for 42 days.
Diagonally in left center is enamel matrix and diagonally to the right of center is
ameloblastic layer. Original magnification x150.
FIG. 10. Zone B in a male mouse that received CaF2 via its drinking water for 42
days. Center left enamel matrix, center right ameloblasts. Original magnification x240.
FIG 11. Zone B in a female mouse that received Na2SiFa via drinking water for 42
days. Center enamel matrix and to the right of center ameloblasts. Original magnifica-
tion x200.16
FIG. 12. Zone C of a female mouse used as a tap water control. Ameloblasts to left
border. Original magnification x1900, phase oil immersion.
FIG. 13. Zone C. The male mouse received distilled water for 42 days. Ameloblasts
on edge of left border. Original magnification x1900, phase oil immersion.
FIG. 14. Zone C in a male mouse that received NaF water for 42 days. Ameloblasts
on left edge. Original magnification x1900, phase oil immersion.
FIG. 15. Zone C. The female mouse received CaF2 for 42 days. Ameloblasts to left
border. Original magnification x1900, phase oil immersion.
FIG. 16. Zone C. The female mouse received Na2SiFe for 42 days. Ameloblasts on
left border. Original magnification x1900, phase oil immersion.19
FIG. 17. Extreme limit of Zone C toward incisal edge. Male mouse, tap water
control. Original magnification x1900, phase oil immersion.
FIG. 18. Extreme limit of Zone C toward incisal edge from female mouse receiving
distilled water for 42 days. Original magnification x1900, phase oil immersion.
FIG. 19. Extreme limit of Zone C. A female mouse received NaF for 42 days.
Original magnification x1900, phase oil immersion.FIG. 20. Extreme limit of Zone C. A male mouse received CaF2 for 42 days.
Original magnification x1900, phase oil immersion.
FIG. 21. Extreme limit of Zone C. A male mouse received Na2SiF6 for 42 days.
Original magnification x1900, phase oil immersion.
FIG. 22. Zone C. Extreme limits where a female mouse received distilled water for
42 days. Note heavy pattern of matrix. Original magnification x2000, phase oil
immersion.Enamel protein elements in mouse incisor I FLEMING
tion of the matrix is changed in direction while the main or central por-
tion retains the directional plane assumed in Zone A. The inner portion,
which lies against the dentin, also undergoes changes which appear to
result from compression of the deeper fibres. Varying amounts of acellular
material appear on the surface of the matrix surface in Zone B. Amelo-
blasts and the matrix surface also undergo certain changes. The amelo-
blasts become shortened and change their shape and the matrix surface
becomes depressed. The size of Zone B and the degree of compression of
the matrix and ameloblasts differed under particular experimental condi-
tions. It is felt that in Zone B, minerals in form of crystallites are forced
into the spaces or compartments of the matrix and with each space
acting as a center of mineralization, the pattern of the matrix thus in-
fluences the ultimate structure of calcified enamel. As Zone C is reached,
the ameloblasts become reattached to the matrix and it now appears that
whatever force caused the ameloblasts to separate from the matrix in Zone
B has now disappeared.
The matrix pattern achieved in Zone A, with the exception of the outer
and inner peripheries, is maintained throughout Zones B and C. Close-
ness of the series of "ladder-like" compartments to each other appears to
depend upon the actual number of ameloblasts engaged in the secretion of
the matrix in Zone A, and the forces that maintain them or push them in
close apposition as the entire mass moves incisally. This may also involve
factors that are concerned with tooth eruption. Events taking place here,
however, may be affected by different experimental conditions. Under
favorable conditions the regularity, the plane of prism direction, and the
apposition of patterns to each other gives the appearance of a continuous
series of compartments of fibrillar material of equal size and in a single
plane of direction. When conditions are unfavorable, less well-organized
patterns appear between the regular series of compartments for varying
distances.
These patterns of the fibrillar matrix of enamel varied under the sev-
eral conditions of these experiments. It was most regular with NaF,
heaviest with distilled water, and widest with CaF2. In the tap water
controls and also with Na2SiF6, interruptions in the regular formations
of compartments were more frequent. Concentrations of the fluoride salts
were all at 1:100,000 by weight in distilled water, and animals were main-
tained on them and also on distilled water and tap water for 42 days be-
fore sacrifice. Staining was deepest with hematoxylin where animals had
received distilled water, and where they had received CaF2, it was lightest.
The area designated as Zone B varied in length, being smallest when
mineralization was apparently poorest, as with distilled water animals.
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When the matrix was narrowest, as with distilled water, Zone B was
located nearer towards the incisal tip. When the ameloblasts and matrix
appeared to be greatly compressed, Zone B was largest and this was ob-
served with both NaF and CaF2.
In Zone C, except in the inner and outer peripheries, the matrix retained
the regular pattern that it achieved in Zone A. This was true whether the
matrix was sectioned in longitudinal midsection or in cross section. The
peripheral changes in direction that became evident in Zone B were also
evident in Zone C and presumably came from pressures or traction first
apparent in the preceding zone.
CONCLUSIONS
1. The fibrillar protein matrix of the mouse incisor which remains after
decalcification has three distinct areas which are designated as follows:
Zone A-the zone of secretion
Zone B-the zone of compression
Zone C-the zone of reattachment
2. The fibrillar matrix which is formed in successive increments by
the ameloblasts and delivered by the Tomes' processes may vary under
different experimental conditions.
3. The matrix is formed at a definite angle to the ameloblasts and its
compactness depends upon the number of ameloblasts actually engaged in
secretory activities in Zone A.
4. Where NaF and Na2SiF6 were given, the compartmental spaces
were more regular.
5. Where distilled water had been given, the matrix was much heavier.
6. Where CaF2 had been given, the matrix was wider.
7. The size of Zone B was greatest where NaF and CaF2 had been
given.
8. The pattern of arrangement did not change after formation in Zone
A except along the inner and outer peripheries, and such changes were
due to forces of eruption and to the pressure created in Zone B.
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